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ABSTRACT

5& ‘
N i : -data obtained during a longitudinal study of serum lipid levels
in more than 400 meR - Between the ages of 19.6 and 27.5 years, these men exhibited
significant inecreases in concentration of serum -cholesterol, phospholipid, and low-

density lipoproteins. Changes in cholesterol concentration are sigpificantly associated.

with changes in St' 0-12 lipoprotein concentration. Changes in 8'2120-400 lipoprotein
and in body weight. are less closely associated. Excess caloric intake and decreased

exercise may have caused the lipid increases as the men advanced in age. The con-.

sistent decrease in serum high-density lipoprotein concentration may have resulted from
processes of normal maturation, possibly changes in ‘steroid hormone metabolism.

Unequivocal evidence implicating steroid hormones is lacking.
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CHANGES IN SERUM LIPID CONCENTRATIONS WITH AGE IN YOUNG MEN -

1, INTRODUC’I‘ION

A 1ecent 1eport from the Flamlngham ’
; study of cardlovascular dlsease .calls attention.

"gto the occurrence of sudden death ‘attributable
N “to’ coronary heart, disease in"the male subjects

‘of that study (1)
that, in 62.5%"

" which caused death
per tlnence and urgency of research “directed
‘ towald evaluatmg the degree to Wthh athéro-

scler osls may involve the cardiovascular system"‘ ‘
in an’ individual who'does not éxhibit -clinical

svmptoms attubutable to the disease. The
answer to this problem is not. at hand, but

pertinent” data - are being accumulated in. the . ..

‘ ‘followup study on caldlovasculaz dlsease (2)

The subJects of thls study are the men who ...
entered the United, States Military ‘Academy. at .
-Of the total mumber of
men in that 011g1nal group, more than 400 have
remalned sub]ects in the study through 1960.

. West_ Point in 1952.

Once every ‘two yéars, each subject has pro-

vided a blood sample on, Wl’llCh analyses have -

been, pe1f01 med for ser um cholesterol ‘phospho-
“lipid : phospho1 us, and both h1gh-~ and | low-
"'den51ty hpoploteln concentratlons
some-analyses were: not performed in the earlier
years of this study.’ In 1960, a'physical exami-

- nation, certain x-rays ECG tracmgs and perti-. o
nent: items of * the subJect’s medlcal h1story"

were also obtalned

The"aim' of thls 'st'udy«"is' to evaluate lipid
levels as predictors of subsequent incidence of .

cardiovascular- disease. .- The mean.age of the

Received for publication on 20 September 1962.

U230}
The 1nvest1gators report.

of sudden deaths caused by
coronary “heart d1sease, there was no’ chnlcal.'.‘j
manifestation of the. dxsease prior to the'attack ‘.
ThlS fact emphas1zes the . .2
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FIGURE 1
. Mean conoe'nt)a,fztm of serum (hol(ste') oI B'raclcets
i’z'{closc *1- standard error of the mean.
sublects Was 27 5 years in 1960 It is there- .

' fore not surpnsmg ‘that there a1e no clinical

symptoms of caldlovascular dlsease to be
correlated w1th the lipid” ‘data; Thls report
therefme, will summarize changes that have
occurred in the llpld and lipoprotein levels and

"pomt out some poss1ble 51gn1f1cance of the .-
however, . . . X : T

fmdlngs

" 2. MATERIALS AND METHODS
“The plan of the study, the analytic methods
employed, and the findings through 1958, have
been reported prev_iously (2, 3, 4).

3. RESULTS AND DISCUSSION

In figure l, the mean serum eholesterol con-
centration, in milligrams cholesterol per 100 ml.

1
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FIGURE 3

Mean concentration of serum lipoproteins, class
S 1 12-20.

serum, is plotted against the mean age of the
subject group. The mean cholesterol value is
plotted &s a point, and the brackets above and
below each point enclose the range encom-

passed by = 1 standard error of the mean.

Bach point in this figure, as well as in figures

"2 to 9, represents the mean of more than 400
serum samples. From this graph it is apparent
that the mean serum cholesterol concentration
increased between the mean ages of 19.6 and
25.5 years and that it declined slightly but sig-
pificantly during the last two-year sampling
interval.

2
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FIGURE 4

Mean concentration bf serum lipoproteins, class
S, 20-400. o

The mean serum’ phospholipid concentra-
tions, shown in figure 2, have also followed an
upward trend during the past six years. The
pattern of change, however, is different from
that seen in the cholesterol level. For example,
between ages 23.5 and 25.5, the mean choles-
terol concentration increased 14 mg./100 ml,
while the mean phospholipid level did not
In the next two-year
interval the mean cholesterol level decreased
13 mg./100 ml. but the mean phospholipid con-
centration appeared to increase, although not
to a statistically significant extent.

One of the components of the low-density
lipoproteins is the S; 12-20 lipoprotein class.



Its concentration was measured at the start of
the study and during the last three sampling
years. Figure 3 shows that the only notable
change recorded in this fraction was an in-
crease between the ages of 23.5 and 25.5 years.

Another component of the low-density lipo-
proteins is the S; 20-400 lipoprotein class, which
was measured during only the last three sam-
" ple years. The mean concentrations are plotted
in figure 4. While the mean level rose signifi-
cantly between ages 23.5 and 25.5, there was
no further increase in this fraction through
age 27.5 years.

The mean body weight of the subjects
during the period of this study is plotted in
figure 5. Between ages 19.6 and 21.5 there
was a significant increase in body weight. It
seems probable that this change represents a
process of normal maturation, because no fur-
ther change in the mean was recorded during
the next two years. Between ages 23.5 and
25.5, however, there was a significant increase,
which probably represents initial development
. of obesity.” This interpretation is reascnable

4 " because the mean age of 23.5 years was reached

in the calendar year 1956. It was during that
year that the subjects were graduated from the
U. S. Military Academy and were assigned to
" duty at various posts. This reassignmeént would
- ianIVe a period of travel and change in routine
that might well result in increased food con-
sumption and decreased exercise, and thus
cause the increases in mean values for body
weight; serum cholesterol, and low-density lipo-
proteins recorded between ages 23.5 and 25.5.
In any case, the fact that the mean weight re-
mained unchanged during the subsequent two-
- year interval would suggest that the subjects
" had re-established an equality between caloric
supply and demand.

The effect of diet upon serum lipoprotein
levels has been investigated by many workers
(see reviews by Lindgren and Nichols (5),
‘Olson and Vester (6), and Albrink (7)). While
the individual responses to changes in diet are
highly variable, the lipoprotein fraction most
affected by dietary changes is the low-density
S; 20-400 class. ' Usually smaller changes are

BODY WEIGHT

LBS.
4ol

170 -

165 -

155

1 1 1

1 ]
19.6 21.5 23.5 288 275
MEAN AGE IN YEARS

FIGURE 5
Mean body weight.

seen in the concentrations of S; 12-20 and
S; 0-12 fractions. For example, Walker (8)
observed that increased food consumption lead-
ing to gain in body weight produced marked
elevation of the S; 35-100 lipoproteins, with
much smaller elevation of S; 0-12.

In the light of such information, the data
on the S; 20-400 concentrations were examined
closely for asgociation with changes in body
weight. In figure 6, the mean values for body
weight and for S; 20-400 lipoproteins are
plotted for the years in which the S, 20-400

. class was measured. Note that there are two

ordinate scales—one for weight, the other for
lipoprotein. Obviously the changes in the
means are in the same direction. However, the
fact that two means change in the same direc-
tion does not necessarily imply that the two
parameters change in the same direction in
individual subjects. To ascertain whether
changes in the S; 20-400 lipoprotein fraction
and in body weight are parallel in individual
subjects, the direction of change in these pa-
rameters from the previous sample year was
tabulated for each subject and is shown in

* table I. Subjects showing changes in the same

direction in weight and in 8; 20-400 lipoprotein

3



concentration number 300 among a total of 431
in 1958 and 215 among a total of 363 in 1960.
The proportion in 1960 is less than in 1958,
This result is not unexpected, since the means
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FIGURE 6

Comparison of mean values for S, 20-400 Upopro-
teins with mean body weight.

for body weight and S; 20-400 lipoprotein con-
centration were unchanged between 1958 and
1960. In the absence of a trend, random
variation in these values would lower the pos-
sibility of association to be observed between
the variables.

The S; 0-12 class is also a constituent of the
low-density lipoproteins. This particular lipo-
protein has been measured since the start of
the study, and the mean concentrations are
plotted in figure 7. The concentration of the
S; 0-12 fractions increased markedly between
ages 21.5 and 25.5, but declined slightly during

© .the last two-year interval.

- -Because the S; 0-12 lipoprotein is rich.in-

"> cholesterol, it is appropriate to compare the

.changes in concentration of cholesterol and

- of 8; 0-12 lipoprotein. Since cholesterol and

cholesterol esters constitute approximately

- 50% of the weight of S 0-12 lipoprotein (9), a

‘given change in the cholesterol concentration
would require approximately twice as large a
change in S; 0-12 lipoprotein concentration if
that class of lipoprotein were the only one pres-
ent. Obviously, serum containg other lipopro-
teins in addition to the S; 0-12 class, but to
accentuate the relationship between the cho-
lesterol and S; 0-12 lipoprotein, the concentra-
tions of these two substances were plotted in

TABLE I

Changes in weight versus changes in S; 20-400 lipoprotein concentration
during successive two-year intervals tn individual subjects

23.5 to 25.5 years*

25.5 to 27.5 years*

Weight S; 20-400 S, 20-400
Total Total
Increase | Decrease Increase | Decrease

Increase 259% 42 301 111 91 202
Decrease 89 41 130 57 104 161
Total ‘ 348 83 431 168 195 363
Percent change

in same 69.6 §59.2

direction

*Mean age at beginning and end of two-year interval.

TNumber of subjects.



- earlier. .

figure 8 using an ordinate scale for cholesterol
that is one-half the scale for S; 0-12 lipoprotein.
On this plot, for a given change in cholesterol
concentration, a change twice as great in lipo-
protein concentration would cause the. two
curves to become parallel. _
- there is overall similarity in both direction and
magnitude of changes in this plot. The larger
divergences in earlier years have been replaced
by approximately parallel changes during the
last two sampling years. These values, how-
ever, are mean values, and the same reserva-

tions apply here as were pointed out above in. :
the body weight-S; 20-400 lipoprotein rélation- -

ships. Individual changes were, therefore,

tabulated according to direction and analyzed. V
It:is
notable that the number of individuals shdw_iné

. changes in the same direction in concentration -~

"The results are recorded in table Il

of cholesterol and of S; 0-12 lipoproteins- is

~ higher in the last three sample years than in.

earlier years. Even in earlier years, however,

. there is a significant association between. -
* changes, in cholesterol and in §;'0-12 lipoprotein ..
concentration. - o

.+ . The fact, that the ratio of change in cho-
" lesterol concentration to change - i'n"Sf_ '0-12

. . lipoprotein concentratmn approaches:.1 : 2 in’ o
~ the last two sampling years is undoubtedly the -

" .. result of a-change in the pattern of lipid trans- . .

“.port that has. occurred in these subjects. This

. shift is toward an increase in the concentration. - -
' of S 0- 12 hpoprotem and a decrease in that of "=
This’ pattern of
‘change is evident in figure 9, which shows the 5
mean concentrations of the total hpoprotems,';"'-”
the low-dens1ty, and the hlgh density’ fractlons o
. The total lipoprotein concentration can be’ cal- i
Ee culated for only. the last. three sample years:‘_”
because some . fractlons were not’ measured'f' '
It is apparent that, while the ‘mean’

the high-density llpoprotems

] _total hpoproteln concentratlon has ﬂuctuated

B the value at.age 27.5 years is close to the value "
.. at age 23.5. During that time, however, the -

‘ mean ‘concentration of the hlgh—densﬂ:y lipo~
o protems has’ declmed steadily. This decrease-

- occurred first during a period when the mean
concentrations of the low-density lipoproteins
increased and later during a period when these
concentrations remained unchanged or de-

It is apparent that

s
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e Compamson of mean concentratwns of cholesterol
and of. Sf -12 lzpopv oteins. .

creased. Th1s fact indic,ates"some degree of
biologic independence between the high-density
and low-density lipoprotein concentrations.



TABLE II

Changes in concentration of cholesterol and of S; 0-12 lipoprotein during
successive two-year tntervals in individual subjects

19.6 to 21.5 years™

21.5 to 23.5 years™

23.5 to 25.5 years® 25.5 to 27.5 years™

S, 0-12 Cholesterol Cholesterol Cholesterol Cholesterol
Total  Total Total Total
Increase}Decrease Increase | Decrease Increase [Decrease Increase|Decrease

Increase 2041 44 248 319 112 431 262 64 326 - 176 55 131
Decrease 125 29 154 13 10 23 45 76 121 52 | 213 265
Total 329 73 " 402 332 122 454 307 140 447 128 268 | 896
Percent

change

in same . ’

direction 72.5 75.6 73.0

- 58.0

*Mean age at beginning and end of two-year interval.

fNumber of subjects. -
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FIGURE 9

Mean concentrations of various serum lipids.

According to the early report of DeLalla '
et al. (10), one would expect small diminutions
. in the mean value for the high-density lipopro-

: _tein fraction between the ages of 18 and 40 in
- the male population, but the consistent decrease
. A' of concéntration of this fraction with increasing

age at.this period of a man’s life is surprising.

This significant trend, however, is quite ob-
" vious in these subjects. The literatiure reports
. cited (5, 10) lead one to expect that the mean

concentration of this fraction will not decrease
much further and, in fact, will begin to rise

" somewhat in the near future.

The steady decline of the high-density lipo-

- protein fraction means that as these subjects

have increased in age, an increasing proportion
of the serum cholesterol has been transported

" by the low-density lipoproteins, principally by

the S; 0-12 fraction. Assuming that all serum
cholesterol is transported in a lipoprotein
complex (5), it is possible to estimate roughly

. the extent of this shift in cholesterol transport.

Table IIT presents the pertinent data. As the
‘subjects’ mean age increased from 23.5 to 25.5
to 27.5 years, the mean serum high-density
lipoprotein concentration successively decreased
roughly 27 and 38 mg./100 ml., respectively.
According to literature reports (9, 11, 12), the
cholesterol-plus—cholesterol-esters content of



TABLE TII

Interrelationships of changes in concentrations of serum cholesterol
and lipoproteins

Mean Mea(r:ﬁg;nlcgg t;:la,'t)ions Successive changes in mean concentrations (mg./100 ml.)
(yilai:s) High-density S 0 12 | Chol ] ‘Ch 1 . 1 High.—density . S¢ 0-12 lipoprotein
lipoproteins . o elesterel ~0 estere lipoproteins Calculated* | Observed Net
196 . 183.8 184.8
21.5 195.8 _219.3
23.5 272.8 2885 | 2363
25.5 245:5 331.6 2491 +13.8 —21.3 +11 +-43.1 +32
27.5 208.0 306.1 286.9 —12,2 —37.5 +15 —25.5 —41

*Calculated increase to replace decrease in high-density fraction. ‘See text for method of calculation.

the high-density lipoproteins is approximately

two-fifths that of the S; 0-12 lipoproteins.

Therefore, in terms of capacity to transport
_cholesterol, the decreases of 27 and 38 mg./
100 ml. in high-density lipoproteins would re-
quire increases of 11 and 15 mg./100 ml.,
* respectively, in S; 0-12 lipoproteins to main-
tain an equal capacity to transport cholesterol.
These computed values are recorded in column 7
of table III; the observed changes are given
in" column 8; ‘and the difference ~between
computed and observed changes is given in
column 9. These values show that the increase
in S; 0-12 fraction at age 25.5 is in excess of
what would be required to meet the deficit
caused by the drop in high-density lipoprotein
" concentration. However, this excess, plus the
S¢ 20-400 lipoprotein, presumably is necessary
to transport the increased cholesterol concen-
tration that occurred at that time. At age
27.5 the S; 0-12 concentration leaves a small
~ deficit in net cholesterol-carrying capacity.
This deficit is more than adequately filled by
-the serum concentration of S; 12-400 lipopro-
teins. It is apparent, however, that at age 27.5
the distribution of cholesterol transport has
changed so that less is carried by the high-
density lipoproteins and more by the S; 0-12
and S, 12-400 lipoproteins than was carried at
age 23.5.

The quantitative extent of this change in
cholesterol transport may be estimated by using
data taken from the literature on the composi-
tion of the lipoproteins (9, 11, 12). The

- composition of the S; 0-12, S; 12-400, and

high-density lipoproteins is approximately 50,
20, and 20% cholesterol plus cholesterol esters,
respectively. The distribution of cholesterol
among the lipoprotein fractions, as calculated
using these percentage compositions, is pre-
sented in fable IV. If the figure of 50% is
taken as a generous estimate (9) of the amount
of cholesterol which could be transported by
the 8; 0-12 lipoprotein fraction, the amount of
cholesterol transported by that fraction would
be no more than 50% of the serum concentra-
tion of that fraction. At age 19.6 years this
amount would be no more than 92 mg. of cho-
lesterol per 100 ml. of serum. The other com-
ponents of the low-density lipoproteing (that is,
the S; 12-400 lipoproteins) were not measured
at that time. They were measured two years
later, however, when the mean concentration
was only 43.5 mg./100 ml. This concentration
of these lipoproteins presumably did not carry
more than 10 mg. of cholesterol per 100 ml. of
serum (9, 12). The mean concentration of the
S¢ 12-400 lipoproteins probably was no greater
at age 19.6 than at age 21.5. If so, the amount
of cholesterol transported by the S; 0-12 and

7



TABLE IV

Calculated distribution of serum cholesterol among lipoproteins

Cholesterol distribution
Mean In low-density lipoproteins In high-density lipoproteins
Mean cholesterol - -
( age) concentration Relative 20% X Relative
Years r 1 fracti fracti
(me:/100mL) 1500, 5 8, 0-12(20% X S 12-400 | Total | pepr | high density- of total
‘ cholesterol (mg./100 ml.) cholesterol
(mg./109 mi.)
19.6 184.8 92 . 9 101 0.55 (0.45%)
] 21.5 219.3 98 9 107 0.49 (0.51)
23.5 235.3 ’ 144 : ' 14 158 0.67 55 0.23% (0.33)
25.5 2491 . | 166 - 24 |10 |- 01 | 49 020  (0.24)
27.5 2869 | 158 ' 24 177 0.75 42 0.18 (0.25)

*Calculated by subtracting value in column 6 from 1.00.

tRatio of value in column 7 to ‘mean cholesterol.

S; 12-400 lipoproteins at age 19.6 totals not
more than 102 mg. cholesterol per 100 ml. of
serum, nor more than 55% of the total serum
cholesterol at that age. Data on the concentra-
tion of high-density lipoproteins are not avail-
able for these subjects at age 19.6 years, but

the cholesterol transported by that fraction -

would be the total cholesterol less that asso-
ciated with the low-density fractions. Pre-
sumably, then, at least 45% of the serum
cholesterol was carried by the high-density lipo-
proteins in this selected group of young men
at age 19.6.

If percentage estimates as given above are
applied to the data for age 27.5 years, the cal-
culated maximal amount of cholesterol associ-
ated with the S; 0-12 and S; 12-400 lipoproteins
is 153 and 24 mg. per 106 ml. of serum,
respectively. Consequently the maximum total
cholesterol associated with the low-density
lipoproteins apparently is 177 mg. per 100 ml.,
or 75% of the total serum cholesterol. The
remaining 2569 of the serum cholesterol pre-

8

sumably Was transported by the h]gh dens1ty

hpoprotems

It must be emphas1zed that the flgures
given above for cholesterol dlstrlbutlon are
merely estimates. Several uncertainties enter
into their 'computation. QOutstanding among
them are the use of mean concentration values
for calculations and the assumption of constant
lipid composition of the lipoprotein classes.
We do not know whether the percentage com-
position of the lipoproteins varies from indi-
vidual to individual or in the same individual
over a period of time. Nevertheless, these
estimates are probably accurate enough to em-
phasize the ocecurrence of a significant change
in the pattern of cholesterol transport in these
subjects during this period of time. The ex-
tent of this change is indicated by the fact that
the proportion of total cholesterol associated
with the high-density lipoproteins apparently’
has declined from approximately 45% at age
19.6 to approximately 25% at age 27.5 years.
Meanwhile, the percent transported by the low-
density fraction has risen from approximately



55% to approximately 75%. This is a signifi-
cant shift in cholesterol transport.

These changes are reminiscent of the effects
of administration of the androgenic hormones,
such as testosterone. Russ and co-workers (13)
and Furman and Howard (14), as svell as
others (15), have shown that testosterone ad-
ministration produces an elevation of the beta
(S¢ 0-20) and a decrease of the alpha; Chigh-
density) lipoprotein fractions. Administration
of estrogens produces changes in the opposite
direction. These effects of steroid hormones
prompt consideration of the possibility that the
changes observed in the lipid transport pattern
of these subjects are caused by changes in the
pattern of metabolism of androgens and estro-
gens associated with normal maturation.

The data of Hamburger (16) show that in
men, 17-ketostercid excretion rises from a low
level in early boyhood to a maximum level near
age 26, after which the amount excreted de-
clines. Presumably, the 17-ketosteroids are
primarily a reflection of androgen metabolism.
Samuels (17) reported that, in man, the plasma
concentration of dehydroepiandrosterone, which
is one of the 17-ketosteroids, rises during pu-
berty and reaches a maximum at age 25. De-
creasing levels are found thereafter. On the
other hand, the estrogen output in adult men
remains relatively constant at all ages, accord-
ing to the report of Pincus and co-workers (18).
This fact, together with the changing pattern
of androgen excretion with age in men, means
that there would be an increasing androgen-to-
estrogen ratic in the early twenties and a

decreasing ratio during the late twenties and

thereafter. Presumably, such a variation in
androgen-to-estrogen ratios could produce an
elevation of the S; 0-20 and a decrea,/se of the
high-density lipoproteins during the early
twenties, followed by a shift in the opposite
direction. The data obtained thus far in this
longitudinal study are in agreement with such
a mechanism. Needless to say, such agreement
does not in any way constitute proof of the pos-
sible hormonal mechanisms. Tnfortunately,

- lipoprotein cencentrations.

no measurements of hormone excretion by the
subjects in this study are available for evalua-
tion of possible hormonal mechanisms.

It is a question of considerable importance
whether these changes are, in fact, produced by
alteration of hormonal metabolism associated
with normal maturation. It is currently cus-
tomary to attribute increases in serum lipids to
factors such as diet, increased fat consumption,
and lack of exercise. If the diet and lack of
exercise mechanism is responsible, then a regi-
men of exercise and dietary control would be
expected to reverse the unfavorable changes
in the serum lipids. But if the hormonal mech-
anism is responsible, then exercise and diet
control will be of limited value.

As pointed out above, the data on body
weights and S; 20-400 lipoprotein concentra-
tions indicate that increased food intake and
decreased exercise probably are partially re-
sponsible for the increases in serum lipid and
The decrease in
concentration of high-density lipoproteins and
the consequent shift in pattern of cholesterol
transport, however, may possibly be the result
of normal alterations in hormone metabolism
associated with change in age. In other words,
the possibility must be considered that the in-
creases in serum cholesterol and phospholipid
concentrations and the elevation of the ratio
of low-density to high-density lipoproteins are
the net effect of diet and caloric imbalance
superimposed upon normal changes in hormone
metabolisru. Probably all these factors play
some role in the lipid changes observed. It is
obvious that further research must be con-
ducted to ascertain what contribution is being
made by each of these factors affecting lipid
levels in the serum of these subjects. While
the causes of the changes are being sought, the
changes themselves must continue to be ob-
served in the light of the original objective of
the study—mnamely, to learn how well changes
in serum lipids can predict susceptibility to, or
proneness toward, subsequent occurrence of
clinical symptoms of cardiovascular disease.
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